Introduction
Of the approximately 703,000 patients with end-stage renal disease (ESRD) in the U.S., approximately 437,000 patients receive hemodialysis (HD) [1] . Intradialytic hypotension (IDH) is the most common complication of HD, occurring in an estimated 5% to 30% of HD sessions, although some studies cite rates of 50% or greater [2] [3] [4] [5] . IDH is defined as a drop of at least 20 mmHg in systolic blood pressure (SBP) or a decrease in mean arterial pressure of 10 mmHg or more with associated hypotensive symptoms. IDH is associated with increased morbidity and mortality [6, 7] . In a hypotensive patient receiving dialysis, decreased perfusion of muscles and organs can result in dizziness, Journal of Nephrology and Hypertension fatigue, nausea, cramps, and blurred vision [3] . In severe cases, transient ischemic attacks, syncope, cerebrovascular accidents and seizures can occur [8] . Additionally, hypotensive episodes during HD may require interventions including administration of albumin, fluid replacement, decreasing the ultrafiltration rate, or discontinuing HD [9, 10] . These interventions can result in inadequate dialysis or the need for specialized types of renal replacement therapy such as continuous renal replacement therapy (CRRT) [10] .
High ultrafiltration rates and impaired cardiovascular response of the patient during dialysis are among the key factors responsible for precipitating IDH [10, 11] . While measures such as blood volume monitoring and regulation or preemptive use of midodrine have been attempted to prevent this complication of HD, IDH remains a significant problem [12, 13] . As the causes of IDH are multifactorial, investigation into potential contributing factors remains an area of interest. Antihypertensive medications (AHTs) and nitrates are commonly prescribed in the ESRD population. The occurrence of IDH and use of AHT therapy has been evaluated to some extent, but is relatively limited [14] [15] [16] [17] [18] . One study showed that IDH was more likely in patients not prescribed AHTs; however, the administration times of these agents prior to HD was based on patient reporting [17] . Nitrate use has also been associated with more frequent episodes of IDH; however, it is unclear whether the timing of administration of these agents relative to HD has any effect on IDH rates [19] . Since administration of AHTs and nitrates in the inpatient setting often occurs prior to dialysis, we were interested in determining if this practice increases the risk of IDH in our inpatient population and identifying other factors that may contribute to IDH.
Methods
The study was a single-center, retrospective evaluation of ESRD patients who received HD during hospitalization at Methodist University Hospital (MUH) from August 2011 through August 2013 and was approved by the Institutional Review Board at the University of Tennessee Health Science Center. Patients were included if they were at least 18 years of age and had received at least two dialysis sessions during hospitalization. Patients were excluded if they received vasopressors at any point during hospitalization, required any other type of dialysis (e.g. sustained low efficiency dialysis, peritoneal dialysis, CRRT), received any type of organ transplant, had a diagnosis of liver disease, or received consecutive dialysis sessions within 24 hours.
The study population was divided into two groups: a control group of patients who did not experience IDH (non-IDH group) and a group of patients who did experience IDH (IDH group). Intradialytic hypotension was defined as a drop in SBP of ≥ 30 mm Hg during intermittent HD, consistent with the definition used by the dialysis staff at our facility. Any AHTs or nitrates given within twelve hours prior to HD were documented with respect to the drug class, the number of doses, and time of administration. Patient demographic information including age, gender, ethnicity, and comorbidities was collected for analysis. Clinical parameters recorded included length of stay, admission sodium, albumin, and hemoglobin. Dialysis information included duration of dialysis, pre-dialysis blood pressure, sodium and albumin on the day of dialysis, ultrafiltration rate, total volume of fluid removed, average blood flow, time of occurrence of IDH during HD, dialysis access type, and interventions for IDH. Data from individual dialysis sessions was excluded if the patient's pre-dialysis systolic blood pressure (SBP) was greater than 180 mm Hg or if there was no documented pre-dialysis blood pressure. A maximum of five dialysis sessions were evaluated per patient.
The primary objective of the study was to evaluate AHT and nitrate use in patients who experienced IDH compared to those patients who did not develop IDH. Secondary objectives were to determine the relationship between pre-dialysis blood pressure, serum sodium levels, serum albumin, and the incidence of IDH. Disease-and dialysis-specific factors associated with development of IDH as well as interventions required to manage IDH were also evaluated.
Statistical analysis
Data were entered into a Microsoft Access (Seattle, WA) database, and analyses were performed with SPSS statistical software (IBM, Armonk, New York). The Shapiro-Wilk goodness-offit test was used to test for normality of data in both groups. Univariate analyses using either Fisher's exact test or Chi-square analysis on nominal data, student's t-test for normally distributed data, and Mann-Whitney U for non-normal data distribution were used to compare patient and dialysis characteristics in IDH vs. non-IDH groups. Categorical variables were calculated as percentages while continuous variables were expressed as either mean ± standard deviation or median (interquartile range) for nonparametric data sets.
A point-biserial correlation or phi coefficient was used for all continuous and dichotomous variables, respectively, to identify possible predictors of IDH. A bivariate logistic regression model using both a forward and reverse conditional stepwise approach was then used to devise a prediction model for IDH. A regression model was built to initially include all correlative factors that were statistically significant at the 0.05 or 0.01 level by either point-biserial correlation or phi coefficient. Variables that did not demonstrate significant correlation were then added to the model individually, and the logistic regression was rerun to determine their significance. Only variables significant in both the forward and reverse conditional logistic regression were considered as predictors of IDH. To further define predictors of IDH, the same correlation test was run in a subgroup analysis comparing the non-IDH cohort to a modified IDH cohort compromised of dialysis-specific data from only the dialysis sessions where IDH occurred.
For all statistical tests, a p-value less than 0.05 was considered significant. For the univariate analysis and prediction of IDH, AHTs and nitrate use was combined into a single variable, as the number of nitrate doses administered in this study population was too sparse to be statistically meaningful.
Results
A total of 372 patients were screened based on the inclusion and exclusion criteria. In total, 303 dialysis sessions in 104 patients were analyzed. There were 50 patients in the IDH group (accounting for 164 dialysis sessions) and 54 patients in the non-IDH group (accounting for 139 dialysis sessions). When comparing the baseline characteristics of the IDH cohort and the non-IDH cohort, there were no significant differences identified with regard to age, gender, ethnicity, comorbidities, admission labs, or length of stay (Table 1) .
A significantly greater number of patients in the IDH group received AHTs within the 12 hours prior to HD compared to patients in the non-IDH group (82% vs. 63%, p = 0.048). Figure 1 shows the percentage of patients in each group who received AHTs by drug class. While overall usage of AHTs was greater in the IDH group, there were no significant differences in the proportion of patients receiving AHTs when evaluated by individual drug classes.
There were no significant differences in the dialysis-specific characteristics of the two groups (Table 2) . Patients were dialyzed for approximately 3.5 hours and had a similar pre-dialysis sodium and albumin. However, patients in the IDH cohort had a significantly elevated pre-dialysis SBP compared to the non-IDH group (141 mmHg and 134 mmHg, respectively, p<0.05). Also, a significantly greater percent of patients in the IDH group had an arteriovenous (AV) graft as their vascular access site compared to the non-IDH patients (26% vs. 5%, p<0.01).
In the IDH group, hypotension occurred in 45% (73 of 164) of the total dialysis sessions. On average, IDH occurred 1.9±1.0 hours after the start of dialysis and the median blood pressure at event was 99/54 mmHg. The median ultrafiltration amount was 1260 mL at the time IDH occurred. Interventions to address IDH were required in 40% (29/73) of dialysis sessions. The vast majority of the interventions (97%) included decreasing the ultrafiltration rate. Fluid boluses with either normal saline or albumin were administered in seven instances (five normal saline boluses, two albumin boluses). In two cases, dialysis was stopped prematurely because of significant IDH.
When identifying patient factors associated with IDH, a significant correlation was observed between development of IDH and pre-dialysis SBP, AV graft access, and administration of at least one AHT twelve hours prior to the start of HD (Table 3) . Pre-dialysis SBP was not significant in the bivariate logistic regression model; however, receiving at least one AHT and graft access type remained significant in the model (Table 3 ).
In the subgroup analysis using a modified IDH cohort that included only the 73 dialysis sessions in which IDH occurred, pre-dialysis SBP and graft access were both significantly correlated with IDH (Table 3) , as in our original analysis. The use of beta-blockers, hydralazine and total AHT and nitrate doses received by a patient were also significantly negatively associated with IDH. The bivariate logistic regression (Table 3) showed significance with pre-dialysis SBP and admission hemoglobin as positive predictors of IDH and total doses of AHTs and nitrates received as a significant negative predictor.
Discussion
In this study, we found that approximately 48% of patients with ESRD on HD experienced IDH, which occurred in 24% (73 of 303) of all HD treatment sessions evaluated. This is within the range of incidence of IDH reported in the literature, which includes incidences as high as 59% [4, 5, 8, 20] . It has been reported that certain subgroups, such as those with impaired autonomic responses, the elderly, and diabetic patients may be at risk for higher rates of IDH, upwards of 50% [4] . Our study did not detect differences in our IDH and non-IDH cohorts with regard to age or diabetes, likely due to the inadequate powering of the sample size. The variability in the incidence of IDH reported in the literature can likely be attributed to inconsistency in defining IDH across studies. For example, in contrast to KDOQI guideline definitions of IDH, Coli et al. used a SBP of ≤90 mmHg or a decrease in SBP of either 10% or 25 mmHg, depending on symptoms and initial SBP [7, 20] . Our definition of IDH was dependent on the relative drop in SBP and, therefore, patients with elevated SBP may have been more prone to experience IDH per our definition even if they were asymptomatic. This can explain why higher pre-dialysis SBP was a key predictor of IDH in our subgroup analysis.
In addition, our study found that use of AHTs may play a role in the incidence of IDH, particularly with regard to the timing of administration before dialysis. While current clinical guidelines recommend discontinuation of AHTs prior to dialysis, the exact timeframe for withholding these medications is not welldefined [7] . Therefore we chose to evaluate the potential influence of AHTs administered over a prolonged time period prior to dialysis. While there was no difference in the type of AHT given prior to HD, the cumulative number of doses of blood pressure-lowering medications was significantly associated with decreased incidence of IDH. This finding in the subgroup analysis is seemingly congruent to our observation in the overall study cohort, in which the regression model indicated that receiving any AHT medication within 12 hours of dialysis was a negative predictor of IDH. One possible explanation for this may be the tendency of those with persistent complicated hypertension to receive multiple blood pressure-lowering medications. These types of patients may be resistant to significant decreases in blood pressure during dialysis and, therefore, may not be at as great a risk of IDH compared to other populations that use AHTs more infrequently. It has been reported that individuals who do not meet blood pressure goals may have a decreased incidence of IDH [17] .
Our analysis revealed possible patient-specific factors that heretofore have never been identified as possible predictors of IDH. Admission hemoglobin levels were the strongest predictor of IDH in our logistic regression model, with high hemoglobin levels associated with a greater risk of developing IDH. While we did not evaluate hemoglobin beyond admission, it is possible that this result relates to fluid and blood volume status. Blood volume monitoring and blood volume controlled HD has been shown to reduce rates of IDH [21] [22] [23] . A higher admission hemoglobin may be reflective of a poor intravascular blood volume which may lead to hypotensive episodes during dialysis.
The mechanism by which AV graft access might be related to incidence of IDH cannot be definitively explained. Chang et al. showed that frequency of IDH was significantly associated with AV fistula thrombosis, but not graft thrombosis [24] . However, the small number of included patients with graft access (n=15) precluded further evaluation of this observation.
A study evaluating blood pressure control and symptomatic IDH in the UK did report some findings similar to our own [17] . In this study, symptomatic hypotension occurred in 7% of all dialysis treatments. Patients not prescribed AHTs were more likely to suffer symptomatic IDH [17] . Though a clinical definition of IDH (symptomatic hypotensive episodes requiring intravenous fluid resuscitation) was used in this study rather than an objective benchmark, patients who achieved post-dialysis blood pressure targets had a significantly higher incidence of IDH. Of note, the details of AHT administration and whether the medications were held prior to starting dialysis was not reported in the study. Regardless, our results propose that there exists an association with AHTs and IDH, with the number of doses prior to dialysis being an important determinant.
There were inherent limitations due to the retrospective nature of our study. Inter-staff variability in assessing and treating the patient for IDH may have influenced the decision to intervene and the intervention choice. Additionally, the retrospec-tive nature of this study prevented evaluation of symptomatic patients. While our objective definition of IDH was adopted from the clinical setting of the dialysis unit, the inability to assess IDH-associated symptoms and the fact that our definition of IDH differs to some extent from other established definitions also limits generalizability. External validity is also compromised due to the fact that we are evaluating hospitalized patients as opposed to ambulatory dialysis patients; however, the intent was to evaluate factors that potentially influence development of IDH in the inpatient setting. Furthermore, we were unable to determine the duration of time between the first inpatient dialysis session and dialysis prior to admission, if any. Thus, it is possible that we unintentionally included patients who received HD before hospitalization and then again after admission within 24 hours between sessions (one of our exclusion criteria). Since our subgroup analysis focused on individual dialysis sessions where IDH occurred, there may be a patient-specific prediction bias weighted towards patients who experienced multiple sessions with IDH.
Regarding data collection, we chose to record AHT medications given within twelve hours prior to the start of HD. As such, there may be patients who received AHTs within a wider window prior to HD. We also limited our data collection to the first five dialysis sessions per patient; therefore, our results do not include information on IDH that may have occurred in patients with prolonged hospital stays. Hydration status of the patient and/or the ultrafiltration volume in relation to the patients dry weight was also not evaluated and should be taken into consideration in future investigations. Lastly, the incidence of IDH per patient is not described in our study, as only the first occurrence of IDH in a patient was recorded and subsequent re-hospitalizations for the same patient were omitted.
Conclusion
To our knowledge, this is the first study to evaluate the role of AHT administration and the risk of developing IDH in the inpatient setting. This study suggests that in addition to the timing of administration of AHTs, other factors including pre-dialysis SBP and hemoglobin are important to consider when evaluating risk of developing IDH and adds to the currently limited body of knowledge regarding development of IDH in the inpatient setting. Though further research is warranted, the results of this study may help to elucidate factors that are associated with risk for IDH and contribute to more clearly defining a window of time prior to dialysis in which AHTs should be avoided.
Acknowledgement
The authors would like to thank Dr. Joyce E. Broyles for her help with research oversight and Khalid bin Saleh and Faisal Sehli for their help with data collection. This work was conducted at Methodist University Hospital in Memphis, TN.
Disclosure of interest
The authors declare that they have no conflicts of interest. The results presented in this paper have not been published previously in whole or part, except in abstract format. Mean albumin(± SD), g/dL 3.1 ± 0.6 3.0 ± 0.6 0.44
Tables
Mean hemoglobin(± SD), g/dL 10.6 ± 2.0 9.9 ± 1.9 0.06 
Race, n (%)

